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Abstract 

 
Teams of small Unmanned Aerial Vehicles (UAVs) 

are being largely proposed to be used in different 
areas for both military and civilian applications. Their 
integration in wider sensor networks is also being 
considered in order to provide a better cost-benefit 
ration. However, coordination among UAV teams is 
not a trivial problem in an ad hoc network. This paper 
presents a decentralized coordination strategy to 
orient the actions of a team of UAVs, which take part 
in a wider sensor network, relying on ad hoc network 
communication. The proposed sensors network 
inclused static sensors that issue alarms indicating the 
presence of possible targets that must be handled by 
one of the UAVs and possibly relay messages among 
them. Preliminary results of the proposed approach 
are presented and are contrasted with results provided 
by a centralized solution for the problem.  
 
1. Introduction 
 

Advances in electronics and software are allowing 
the rapid development of small Unmanned Aerial 
Vehicles (UAVs), capable of performing autonomous 
coordinated actions. There are promising studies to use 
such UAVs to perform “3D” applications, i.e. 
Dangerous, Dirty or Dull, both for civilian [1] and 
military [2] purposes. A trend is the combined usage of 
fleets of UAVs interconnected with wireless sensor 
networks deployed on the ground [3]. The potential of 
such new systems are enlarged by the use of small 
UAVs to compose the fleet, which provides features 
such as increased difficulty to be detected by 
opponents when employed in military or law 
enforcement missions.  

A rationale for the use of both static (fixed) sensor 
nodes on the ground and dynamic (mobile) sensors 
carried by small UAVs is to provide surveillance over 
large areas with minimal costs. A reasonable 
assumption is that sensors used on the ground are 
cheaper but cannot provide the same data as sensors 
carried by UAVs. So, a combination of these can 
provide an efficient and low-cost solution for large 
areas surveillance. Moreover, small UAVs such as 
those presented in [4] are much cheaper than large 
UAV platforms, such as Predator and Globalhawk. 
This makes possible the usage of a greater number of 
UAVs in the system, which increases system’s 
capabilities and does enable robustness by redundancy.   

In order to coordinate a fleet of small autonomous 
UAVs carrying different types of sensors, integrated in 
a larger sensor network (composed also by unattended 
static ground sensors), this work proposes a 
mechanism relying on ad hoc communication. It 
implements a multi-agent cooperation strategy that 
guides UAVs’ through a surveillance area responding 
to alarms, triggered by alarms generated by ground 
sensors as soon as a target is detected. 

The remaining text is structured as follows: Section 
2 presents the scenario and problem descriptions. 
Section 3 provides information about the adopted 
model for the team of UAVs. In Section 4 the 
decentralized decision making strategy for the task 
assignment among the UAVs is presented, as well as 
the centralized version that will be used for 
comparison. Section 5 presents the simulation results, 
while Section 6 discusses related work. Section 7 
concludes the paper with final remarks and future work 
directions. 
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2. Problem Statement 
 

2.1. Scenario Description 
 

The scenario studied in this work is a large 
contiguous rectangular area. Each element in the area 
(targets and sensors) is located by its Cartesian 
coordinates, x and y. 

Considered targets are non-authorized vehicles or 
persons, or groups of them, appearing in a non-
deterministic way modeled as a Poisson distribution 
P(r), where r is the number of new targets that enter in 
the surveillance area at a given time t. A given target 
τi

k is of kind k and has an identifier i, which represents 
its entrance order in the surveillance area. There are K 
possible types of targets that may appear in the 
surveillance area, so, k = 1,…, K. The targets are 
considered to move with a constant speed vτi. 
However, different targets may have different speeds. 
Targets may randomly change direction of their 
movement. 

The system uses heterogeneous sensor nodes, with 
different sensing and movement capabilities. There are 
G static sensors on the ground (sni, i = 1,…, G) and N 
UAVs flying over the area (ui, i = 1,…, N). It is 
assumed that a static sensor node on the ground is 
capable of detecting a target when it passes in its 
sensing range, which is a tunable parameter, depending 
on the type of sensor used. When a target is detected, 
an alarm is issued, heard by sensor nodes positioned 
within communication range. This range is tunable. 
The alarm contains a timestamp and the position of the 
issuer node. 

 

2.2. Problem Description 
 

The problem studied is how to provide intelligent 
interoperability support to sensor networks composed 
of low-end ground sensor nodes and small UAVs 
applied to the surveillance of a large area scenario.  

Small UAVs cannot carry the same load as larger 
UAVs and this affects directly their communication 
capabilities and range. Another constraint linked with 
the load capacity is that small UAVs must use their 
energy in an efficient way, since they are not able to 
carry much fuel or large batteries. This reflects not 
only the communication subsystem, but also restricts 
the operational range of small UAVs, limiting the 
cooperation possibilities needed among system nodes. 

In order to study the communication in such 
systems, an identification of the type of messages that 
flow in the network is required. Considering first the 
UAVs, there are three main types of messages, 
according to the type of peer node: 

a) UAV - UAV: control data, related to flying 
formation patterns and tasks assignment negotiation, 
which may be time critical, and sensor data exchange; 

b) UAV - Base Station: commands and mission 
statements, reporting payload data (e.g.: video 
streaming, radar images, etc); 

c) UAV – Ground Sensor Nodes: alarms alerting 
occurrence of phenomena of interest, request and reply 
about data produced by the low-end ground sensor 
nodes, and possibly relayed communication to and 
from UAVs.  

Considering nodes on the ground, besides the 
communication that they have with the UAVs, there 
are two more types of communication:  

d) Among Ground Sensor Nodes: besides 
aggregation of sensor data in the analysed scenario, 
some types of communications among UAVs may be 
relayed via ground nodes; and  

e) Ground Sensor Nodes - Base Station (sink): 
besides sensor data aggregation, in a surveillance 
system such as considered in this work, an additional 
feature is added, as this communication may be relayed 
via UAVs and may also relay messages from the base 
station to the UAVs and vice versa.  

Figure 1 illustrates message exchange among the 
different nodes that compose a surveillance system.  

 

 
Figure 1. Communication types among nodes.  

This paper focuses on control message exchange, 
including alarms and negotiation messages. The 
payload of this communication includes alarm 
messages issued by ground sensor nodes, as well as the 
control data used to perform negotiation among the 
UAVs in order to decide which of them will handle 
detected targets in the area, and messages exchanged 
with the base station. Particularly, in this work the 
interest is focused on the load that these messages 
impose to the network and their impact on the timing 
behavior of the system. 

In the studied scenario, the UAVs have different 
capabilities, which make some of them more suitable 
than others to perform specific tasks of a mission. This 
occurs because they carry different types of sensors 
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that, depending on the type of target that must be 
handled, have advantages in relation to each other. 

As small UAVs do not have support for long range 
communication, relayed communication may be 
needed. The relayed communication may transparently 
use other UAVs or ground sensor nodes to extend the 
communication envelope of the UAVs. It is assumed 
that the payload of the relayed communication is not 
large, i.e. it carries small control messages only, and 
that the sporadic use of the sensor nodes on the ground 
to relay it does not compromise their energy budget.  

 
3. UAV Team Model  
 

The representation of the internal state and the 
reasoning performed by the UAVs to carry on the 
negotiation is based on the Belief-Desire-Intention 
(BDI) model [5]. The decentralized approach 
presented in this paper is based on the model presented 
in [6]. The states and capabilities described below are 
mapped to beliefs in the model, while the desires are 
related to the goals in relation to a given target (e.g. 
track target τ12), and intentions are the parts that make 
it possible to achieve a given goal expressed as a 
mission (e.g. go to position (x10, y11) where τ12 was 
detected, turn on the sensor, etc). The inference of 
desires and intentions is acquired by executing an 
information analysis and decision making by the 
UAVs, which will be further detailed. 

 
3.1. Internal State 

 
The internal state Si(t) of an UAV ui at a given time 

“t” is composed by two components: 
a) Physical State: includes information about its 

current position pi(t)= (xi(t), yi(t)), speed (vi(t)), 
heading angle (ψi(t)), sensor devices type and status 
(ςj

i(t)), and energy resources (ei(t)); 
b) Task Engagement State: according to the 

detected targets in the surveillance area and to the 
respective issued alarms, a UAV can be in one of the 
following states: idle, engaged, or busy. The first may 
occur when a UAV is idle and able to engage in 
performing a task over a target informed by a given 
alarm. The second occurs when a UAV is engaged in 
performing a task over a target, but it is not performing 
it yet. The third occurs when a UAV is handling a 
given target, i.e. performing a task over it. The set of 
states is represented by: 

 
                 ES = {idle, engaged, busy}.            (1) 

 

3.2. Kinematic Model 
 

The kinematic model adopted in this work is similar 
to several others, such as [7], in which the UAVs move 
on continuous trajectories with constant speed and 
with a constrained turning angle. In the present work, 
the assumption of a constant speed is modified to allow 
speed adjustment needed for target tracking. Assuming 
this, the following formulas describe the model: 

ii
i v

dt

dx cos ;  ii
i v

dt

dy sin ;   


dt

d i . (2) 

where (xi, yi) denotes the position of the UAV ui, vi 
represents its speed, while the ψi is its heading angle, 
which has η as a constraint to its variation. A fourth 
assumption is added to the model presented here, 
allowing the UAVs’ maximum speed to be higher then 
the targets’ maximum speed (targets of any kind k), 
depending on the characteristics of a given UAV. This 
assumption allows the system to have a high-level of 
responsiveness to handle new targets. 

                     viMAX > vkMAX .                           (3) 

Variations in the speed of the UAVs may occur 
when they engage in tracking tasks that require to 
dynamically adjust their speeds to track a target, 
otherwise the speed is kept constant. 

 

3.3. UAV Sensing Capability Model 
 

The sensors that equip the UAVs are aimed to 
detect members of a set of possible target types and 
then analyze and track a selected subset of them. In 
case that a sensor, needed for analysis or tracking, is 
missing or does not match well with the type of the 
target, poor results will be generated. 

The range of the detection as well as the analysis 
and tracking capabilities are tunable, according to the 
types of sensors that equip the UAVs in the fleet. This 
is done by the adjustment of the radius around the 
UAV that represent the ranges in which it is able to 
detect and/or analyze/track a target, identified as rD for 
detection and rA for analysis/tracking. The points 
inside the circles formed by taking each of the ranges 
as radius are considered inside the detection or analysis 
areas, respectively. 

Based on the type of target, the UAV, its sensor 
device type and status, and the weather conditions, it is 
possible to determine the feasibility to perform a given 
task related to a given target. This is expressed by θ 
(the applicability of a UAV to handle a target), which 
is computed using the information provided by the 
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UAV instance i state, according to the capability to 
employ its sensor (type j) to perform a given task over 
a certain type of o target (k), in a specific time instant.  

 


 


otherwise
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where ςj
i(t) is the sensor status, which varies along the 

time in order to simulate damages imposed by 
aggression of enemies and/or natural degradation by its 
use, Wei,j(t) is a function that estimates the degradation 
in the measurements offered by a sensor of type (j), 
due to the weather conditions at time (t), and κj is the 
subset of all types of targets containing those that 
match the sensor type(j). Poor results offered by 
sensors that do not match the type of target are mapped 
to a value equal to zero. 
 
4. Decision Making Mechanisms 
 
4.1. Decision Making Criteria  
 

The decision concerning which UAV will engage in 
a task over a given target is based on the maximization 
of a multi-attribute utility function, which considers 
the applicability of its sensor in order to engage in that 
task and an energy consumption factor, based on the 
distance between the UAV and properties of  the target 
under concern.  

This model includes the three elements of a 
decision making theory presented in [8], which sees 
this problem as a game in which the decision maker 
gathers information about the environment state, and, 
by taking advantage of this knowledge, proposes an 
action to be performed. The decision about the choice 
of the action is taken by an assessment of the utility 
gains in performing a given action.  

The utility function is used to evaluate how good 
the UAVs can perform a task over a target. Taking the 
one that has the maximum utility value, it is decided 
which UAV will engage in executing the task. In the 
long run, it will maximize the use of the entire system. 
The utility maximization function is defined as: 

 ))),(),((),((max)( ,,max jiikji
TSK
i

TSK ptpteCtUtU jj  . (5) 

where “C” is the cost in terms of energy consumption 
from the current position of the UAV pi(t) to arrive to 
the target position pj reported in the alarm, based on 
the current energy resource status (provided by ei(t)). 
 

4.2. Centralized Decision Making 
 

One of the solutions for coordinating a team of 
UAVs that respond to alarms issued by ground sensors 
is to collect all information to a central control station 
and, based on this “global view”, take the decision 
about which UAVs will respond to each issued alarm.  

The UAVs should send, either periodically or by 
request, their current status to the central station, 
informing about their physical and task engagement 
states, as described in Section 3.1. Similarly, the 
sensors that gather information about environmental 
conditions do also provide the central station with this 
information, periodically or triggered by a query. 
When an alarm is issued by a ground sensor node, this 
alarm is also sent to the base station, which compiles 
all the information about the UAVs status, 
environmental conditions, and alarms, by using the 
decision making criteria described above. This leads to 
the selection of the most suitable UAV to perform the 
task over a given target. After this decision is taken, 
the central station sends to the corresponding UAV the 
commands, which will drive it to the respective target.  

For this decision making process the utility function 
that is used in (5) is the following:  



 


otherwise
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 .   (6) 

where α is a parameter that can be used to tune the 
relative importance given to each of the components of 
the utility function, according to the user requirements.  
 
4.3. Decentralized Decision Making 
 

For a small number of UAVs, the centralized 
solution may present a good performance. However, 
for larger UAV-fleets, this solution may not scale up 
well to handle an increasing number of targets, so a 
decentralized solution, which transfers the decision 
making from a central node in the network to the 
UAVs, may be a better choice.  

The alarm assignment to a UAV can also be 
decentralized, meaning that when a UAV receives an 
alarm issued by the ground sensors, it negotiates with 
the other UAVs, and, based on the decision making 
criteria, the more suitable one is elected to handle that 
alarm. This is similar to the centralized solution, but 
without the need to converge all information to a 
central computation entity, neither to negotiate with all 
UAVs of the system. The UAVs exchange their status 
information and, based on the alarm and the weather 
conditions, each of them performs the computation of 
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the utility value for all the UAVs participating in that 
negotiation. The one that has the maximum utility 
engages to handle the target informed by that alarm.  

It is important to highlight that the computation of 
(4) in the decentralized solution carries a certain 
degree of uncertainty due to the possible imprecision 
or incomplete information about the weather 
conditions. This is also true for the computation of C 
used in (5), which carries the uncertainty about the 
location of the target, due to its unpredictable 
(unknown) movement pattern, which is also true for 
the same computation performed by the central entity. 
However, as the centralized solution has a better 
overview of the entire operation, which is not the case 
in the decentralized approach, the uncertainty related 
to the target position can be ignored, as its negative 
contribution to the computation is small. The same 
argument holds for weather condition information, as 
the central node may have redundant information. 

Differently from the centralized approach, the 
mentioned uncertainties have to be taken into account 
in the decentralized solution. Thus in the proposed 
decentralized approach these uncertainties are 
translated into a risk of a wrong estimation of the 
UAVs when computing their utilities, according to the 
model of “risk profiles” presented in [9]. 

The work in [9] models the behaviour of investors 
in the stock market using utility functions. In this 
approach the investors are classified in different risk 
profiles, which represent how prone to risk they are 
when doing stock trading. Different types of functions 
are used to represent these profiles, as a mapping of 
how prone to risk the investor is. The complete theory 
includes additional details, such as coefficients to tune 
the degree of risk aversion and concerns about the 
most suitable types of functions depending on other 
factors. However, here a simplified model is adopted 
without all the elements presented in the original 
theory.  

The used metaphor associates the idea of risk 
profiles of the investors to profiles that can be assigned 
to the UAVs in the sense that they can be more or less 
prone to take risks when estimating their utility to 
handle a given target. The UAVs that have better 
resource conditions and more powerful capabilities are 
more likely to take risks in computing their utility, 
while considering the uncertainty of the input data, as 
they expect to have good results, i.e. to be really useful 
in handling a given target. On the other hand, UAVs 
that are “weaker” in the sense of having less 
capabilities and lower resources are more likely to use 
a more conservative utility function. The choice of 
which type to use is based on threshold values of the 
considered capabilities and resource level.   

This study considers the use of two functions to 
express the profiles for the UAVs, a logarithmic one 
for the risk tolerant UAVs and a quadratic one for the 
conservative ones. Moreover, different weights can be 
assigned to the two components of the utility function 
used in (5), namely sensor applicability and the energy 
cost, by means of the parameter α that tunes which part 
will contribute more to the utility computation. 
Equation (7) shows the version for the more risk 
tolerant UAVs, while (8) presents the one for those 
less risk tolerant.  
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The assumed valid intervals for θi,j,k and C is [0, 1], 
while for α it is (0, 1). 

 
5. Experiments 
 

Simulations of the proposed approach were 
performed and compared with those that would be 
obtained using a centralized approach. 

The aim is to achieve a good although sub-optimal 
one, as it is known that the search of the optimal 
solution generally has a prohibitive cost. Moreover, an 
optimal solution for this kind of problem would require 
global knowledge of the whole network, which is also 
not practical in such systems, even if a centralized 
solution is adopted, due to unexpected problems such 
as message delays and losses.  

 
5.1. Simulation Setup  
 

Three different scenarios were simulated with each 
solution with a different number of targets, namely, 
one, three, and five targets. The simulations for both 
centralized and decentralized solutions have the same 
basic setup parameters presented in Table 1. Twenty 
executions of each scenario for each solution were 
performed, simulating ten minutes of system runtime. 

The choice of setup parameters were based on the 
characteristics of the scenario analysed in this study, 
which considers Mini or Micro UAVs, which have an 
operational range of 10 Km and flying at an altitude 
around 250 meters [10]; and communication ranges for 
both UAVs and ground sensor nodes based on 
technologies such as IEEE 802.15.4 (extended range 
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version). When the UAVs are not responding to 
alarms, they may fly following a random movement 
pattern, with collision avoidance. 

The ground sensor nodes are randomly deployed 
with an independent uniform probability 
(homogeneous Poisson point process in two 
dimensions, which generates a geometrical random 
graph). This distribution of 5000 nodes over a 10Km x 
10Km area gives almost 100% of probability that the 
nodes in the network form a connected graph [11], for 
a communication range of 350 meters.   

Table 1. Simulation Parameters 
Parameter  Value 

Scenario Area 10Km x 10Km
Number of UAVs 6 

Types of UAVs (sensing 
capability) 

3 

UAVs’ Communication Range 2Km 
UAVs’ Starting Energy Resources 90% – 100% 
UAVs’ Starting Sensors Status 70% – 90% 
UAVs’ Flying Altitude 250m 
Tuning Parameter (α) 0.5 
Number of Ground Static Sensor 
Nodes  

5000 

Ground Static Nodes 
Communication Range 

350m 

Number of Targets 1, 3, 5 
Types of Targets 5 

 
The centralized version of the simulation uses an 

event-based request mechanism to retrieve information 
about the UAVs status and environmental conditions 
from the ground sensor nodes. This mechanism is 
triggered by the arrival of an alarm at the base station.  

The decentralized version requires an additional 
parameter to determine the threshold value for 
switching between the two utility functions presented 
above, which was established at 30%.   

The simulation environment used to perform the 
experiments was a tool called ShoX [12], which is a 
powerful wireless network simulator based on Java, 
that provides easy to use extension mechanisms.  

In the simulations, the centralized version of the 
solution used relayed communication among UAVs 
and ground sensors, while the decentralized one did 
not use it. This decision was taken in order to stress the 
localized characteristic of the decision making taken 
by the decentralized approach in comparison to the one 
taken by the centralized version. This stresses the fact 
that, when an alarm is received by a UAV, it will be 
negotiated with other UAVs that are in its 

communication range, and thus explore the mentioned 
locality characteristic.   

In the decentralized solution, the issued alarms are 
routed via a pheromone-based mechanism described in 
[13], guided through the network by the pheromone 
marks left by the UAVs over the ground sensor nodes. 
This way, the alarms follow the strongest pheromone 
marks, which indicate a trace that leads to the nearest 
UAV. Using this mechanism, the payload of the 
packages that forward the alarms has additional data 
(an integer), which is the pheromone mark of the node 
that is forwarding the alarm. This data is used by the 
node that receives the packet in order to evaluate if it is 
closer or not to the UAV, by comparing this received 
data with its own pheromone mark. 

 
5.2. Results and Evaluation 

 
The results collected from the simulations were: 1) 

goodness of the UAV assignment, i.e. how good was 
the choice of a UAV to handle an issued alarm; 2) the 
total number of packets exchanged in the simulation 
due to control and alarm handling messages; and, 3) 
the average delay to handle a target from the alarm 
issuing. 
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Figure 2. Normalized utility results.  

 

Figure 2 presents the average results for the UAV 
assignment for the simulation runs in terms of 
normalized utility in employing a certain UAV to 
handle a given alarm. It is considered that the optimal 
value is achieved by an “oracle” view of the system at 
the time instant in which the decision was taken. The 
oracle is a reference solution, which performs a similar 
computation to the one performed by the centralized 
solution. However, as it has all necessary information 
and does not face common problems in centralized 
approaches, such as delays and loss of data, it always 
produces the best solution. It is interesting to observe 
that the difference in the results achieved by each 
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approach is not large (each one within the 5% error 
margin of the other as shown by the error bars). The 
centralized version achieves better results, but it is 
clearly understandable as it has more information on 
the entire environment scenario. 
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Figure 3. Total number of packets in average for each 

approach and simulated scenario.  

 

Figure 3 presents the overhead of each simulated 
approach in terms of total number of packets 
transmitted in the network. The reason to present this 
result in terms of the number of exchanged packages is 
based on the fact that the payload of all messages in 
the system (routing, environmental data, alarm, and 
negotiation) has a similar size, which is below 100 
bytes. Each bar illustrates an average value for the set 
of twenty runs for each approach and scenario. 
Observe that the decentralized approach presents the 
lowest overhead in all cases. These results can be 
explained by the nature of the communications 
performed in each solution. The centralized one 
requires the central base station to request data from 
the nodes in the network each time an alarm is issued. 
Like this, besides the messages used to deliver the 
alarm, also messages needed to request the 
environmental conditions and the UAVs’ status are 
reported. All messages exchanged between the central 
node and the nodes in the sensor network require 
routing, which demands route discovery, a highly 
communication demanding operation. This situation is 
even worst in communications between the central 
node and the UAVs, as they are mobile nodes in the 
network. Moreover, a number of retransmissions 
increases the metric as the number of targets increases, 
due to collisions and message loss in the way to/from 
the central node. These situations especially occur 
when two (or more) alarms are issued at the same time. 
On the other hand, in the decentralized approach the 
alarms are propagated in the network following the 
strongest pheromone traces until they find an UAV, 
and then its handling is negotiated among the UAVs 
located in the range of the one that received the alarm. 
This solution provides a localized way to assign a 

suitable UAV to handle an alarm, requiring less 
communication if compared with the centralized 
approach, as indicated by the obtained results.  

Notice that if relayed communication was used in 
the decentralized approach to allow the UAVs to reach 
all other UAVs in the network in order to perform the 
negotiation, the goodness results achieved by each 
approach would be almost the same. However, as 
mentioned before, this would not stress the locality 
characteristic of the described decentralized strategy 
but would increase the overhead in terms of the usage 
of the network.  

The delays to handle the targets informed by the 
alarms are also affected by the choice of a solution. 
However, it was observed that this fact is more related 
to the way that the decision is taken than to the 
network itself. It means that the difference in the 
obtained results exists more due to the range of 
available possibilities in each solution than to the 
network characteristics . The centralized solution may 
elect a UAV that is not close to the place where the 
alarm was issued, due to its better suitability to handle 
the alarm, according to the utility evaluation presented 
in Section 4. This is possible to occur due to the global 
view of the central base station, which leads to better 
decisions. On the other hand, the decentralized 
solution provides faster response due to the localized 
nature of the solution that is taken, which only 
considers UAVs that are within a certain distance from 
the place where the alarm was issued, excluding the 
UAVs that are far from this place, i.e. out of the range 
of the communication of the nodes that are negotiating. 
Figure 4 presents the results in terms of average time 
to handle targets in each of the scenarios for the two 
approaches. 

 

50

100

150

200

250

300

350

1 2 3 4 5

Number of Alarms

T
im

e
(s

)

Centralized Decentralized
 

Figure 4. Average time to handle targets.  
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6. Related Work 
 

 The AWARE project, presented in [3], aims to 
integrate a sensor network of resource constrained 
ground nodes with mobile sensors, both on the ground 
and carried by UAVs. The AWARE platform consists 
of two networks, a high bandwidth network (HBN) 
and a low bandwidth network (LBN). The first one, 
HBN, is composed of high-end nodes, such as personal 
computers, UAVs, and mobile robots, while the LBN 
constitutes a WSN composed of low-end nodes, with 
very limited resources. The integration of these two 
networks is done through gateways that are devices 
capable of communicating with both networks. The 
common idea present in [3] and also in our work is to 
use ground sensors and UAVs taking part of the same 
sensor network and cooperating in order to achieve 
mission goals. However, differently from AWARE, in 
our approach the networks integration does not rely on 
a certain number of gateways, but any node may 
directly communicate with all other nodes.  

Beard et al. [14] present an approach using 
coordination variables to achieve coordinated 
behaviour of a team of UAVs. They explore the 
exchange of minimal information set to achieve its 
goals, which are also an idea in the current work, i.e. 
minimize communication. However, “there is no free 
lunch”, and as the authors of this related work said, 
“coordination necessitates shared knowledge”. The 
idea is to minimize the burden in providing shared 
knowledge among the interested members of the 
coordinated team. In relation to [14], our approach 
considers mechanisms that go beyond coordination 
among UAVs, aiming at coordination among both 
UAVs and ground sensor nodes.   
 
7. Conclusion and Future Works 
 

This paper presented a decentralized coordination 
strategy among wireless sensor nodes on the ground 
and UAV-carried sensors relying on ad hoc 
communication. The goal of the proposed approach is 
to provide coordination among the mentioned sensor 
nodes with low communication costs. Simulations 
results were provided and discussed.  

As future work, more attention will be given to the 
system timing, in order to improve the performance 
related to this concern. Alternatives to alarm handling 
that require less communication resources will also be 
investigated. Additional simulations will therefore be 
performed in order to asses the impact of some 
parameters, such as α, number of UAVs, and number 
of targets. 
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